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ABSTRACT: Moose (Alces alces), as a focal species in many northern communities, are increas-
ingly subjected to anthropogenic activities. We studied range use by moose (males and females with 
and without calves) to enable more effective land-use planning in south-central Yukon. We detected 
seasonal differences in range sizes, movement rates, and use of elevation and land cover by global 
positioning system (GPS)-collared individuals, reflecting the responses of individuals to changing 
resource availability that is characteristic of boreal landscapes. During winter, moose in the South 
Canol area generally used smaller ranges at lower elevations and moved at lower rates within them, 
presumably limited by snow depths. They moved up in elevation throughout summer, reaching max-
imum elevations during rut and early winter. Moose used conifer stands, which were prevalent on the 
landscape, more than any other land-cover class throughout the year. Their use of upland and lowland 
shrub classes varied with season, with highest combined use of shrub-dominated land cover in early 
and late winter, likely reflecting the importance of shrubs as winter forage. We were unable to identify 
significant differences between the sexes or relative to reproductive status (i.e., calf presence). Differ-
ences between these groups in meeting requirements for forage and cover may be more discrete at the 
finer scale of microsite characteristics. 
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Home range, as the area an animal rou-
tinely uses to meet its needs (Burt 1943), is a 
useful concept for studying animal use of the 
landscape, presuming that animals choose 
to live where their fitness is maximized 
within the constraints imposed by their en-
vironment (Mitchell and Powell 2012). In 
so doing, they regularly exploit and update 
information, such that the home range rep-
resents the interplay between the environ-
ment and the animal’s understanding of that 
environment (Powell and Mitchell 2012). 
Animals choose home ranges and places 
within the home range to access critical re-
sources of food, cover, and opportunities to 
reproduce, while minimizing risks of mor-
tality. Changing environmental conditions 
affect distribution, quantity, quality, and 
accessibility of forage and cover over the 
landscape (Telfer 1970, Van Ballenberghe 
and Peek 1971, Coady 1974). Resources are 
rarely distributed evenly over time or space, 
so animals move to access these resources as 
availability changes. Thus, movement rates 
affect both range size and intensity of use 
( Dussault et al. 2005a). 
The widespread geographic range of 
moose (Alces alces) reflects the ability of 
this species to use a variety of successional 
stages found throughout the world’s boreal 
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forests. With their large body size, moose 
are relatively well-adapted to the deep snow, 
cold temperatures, and predators found in 
northern boreal habitats. They frequent nu-
merous stand-cover types and age classes 
that provide early seral areas for food and 
mature coniferous cover (Telfer 1984). Con-
ifer species are used primarily as cover to 
moderate extremes of heat, cold, wind, and 
deep snow, and as security from predators 
(Timmermann and McNicol 1988, Balsom 
et al. 1996, Mysterud and Ostbye 1999). Use 
of shrub-dominated areas by moose often 
corresponds with foraging activity because 
shrub species make up the majority (>60%) 
of their annual diet (Renecker and Schwartz 
2007). Mixed-wood areas, interspersed 
with both conifers and deciduous trees and 
shrubs, provide a mix of forage and cover, 
potentially important to both sexes when 
mobility may be limited. Riparian areas also 
provide a variety of tree and shrub species 
used for cover and forage. Although alpine 
areas are generally not considered suitable 
for moose, riparian zones and wetter areas at 
high elevations may contain highly-selected 
Salix species, which are preferred compared 
to other shrubs such as Betula spp. (Van Bal-
lenberghe et al. 1989, Dungan and Wright 
2005) that grow on drier sites. The proximity 
to a water source can affect movements and 
range use by moose, as when females select 
birthing sites in spring (Poole et al. 2007). 
During summer, aquatic plants associated 
with wetlands and littoral zones may be im-
portant sources of sodium and other limiting 
nutrients, and influence local foraging strat-
egies (Belovsky 1981, Belovsky and Jordan 
1981, Fraser et al. 1982). In winter, frozen 
waterways function as movement corridors 
for moose and wolves (Canis lupus) that 
pursue them (Kunkel and Pletcher 2000).
As with other ungulates, foraging be-
haviour of moose is influenced by differences 
in forage quality, quantity, and accessibility 
(Andersen and Saether 1992). Moose feed on a 
wide variety of plant species to meet nutritional 
requirements (Miquelle and Jordan 1979), and 
require large amounts of forage (e.g., ~20 kg 
per day for a 450-kg animal in summer) be-
cause of their large body size (Renecker and 
Hudson 1992, Renecker and Schwartz 2007, 
Schwartz and Renecker 2007). Moose with 
access to high quantities of forage travel less 
than those in areas where forage is more dis-
persed (Timmermann and McNicol 1988). 
Forage quality influences daily activity, range 
use, and foraging patterns (Saether and An-
dersen 1990). Not surprisingly then, there can 
be wide variation in home-range sizes among 
individuals and between seasons (Phillips et 
al. 1973, Addison et al. 1980). In addition, pe-
riodic disturbances, such as wildfires, change 
the availability and abundance of forage and 
cover (Cederlund and Sand 1994).
Body size, age, and sex can influence 
home-range size because of differing nutri-
tional requirements (e.g., increased energy 
and protein demands during growth, lacta-
tion, and accretion of body reserves prior to 
winter) and social activities between sexes 
and age groups. Movements between sea-
sonal ranges are usually related to repro-
ductive events (e.g., rut, parturition) and 
environmental changes (e.g., snow depth). 
Human activities can also influence the 
quality of environments available to moose 
and directly increase mortality risk. In-
creased human access to previously undis-
turbed areas can increase mortality from 
vehicle collisions (McLellan and Shackleton 
1988, Forman and Alexander 1998, Trom-
bulak and Frissell 2000), as well as hunt-
ing pressure (Courtois and Beaumont 1999, 
James and Stuart-Smith 2000, Crichton et al. 
2004). Anthropogenic influences are likely 
to become more prominent as human den-
sity increases and the spatial extent of re-
source extraction and recreational activities 
expands.
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moose in other areas of Canada and Alaska 
(Dussault et al. 2001, Dussault et al. 2005a, 
b, Maier et al. 2005, Gillingham and Parker 
2008, Mabille et al. 2012), few studies have 
investigated habitat requirements and limit-
ing factors of moose in Yukon (e.g., Mauer 
1998, Hayes and Harestad 2000, Hayes et al. 
2000). The low productivity and population 
density of moose, and a much smaller human 
population are somewhat unique to the Yukon 
and make comparisons with certain Alaskan 
and Canadian studies difficult. Little is known 
about habitat use and distribution of Yukon 
moose outside the early winter, post-rut period 
(Nov–early Dec) when most human harvest 
occurs, and no rigorous studies to differen-
tiate between males and females have been 
done. South-central Yukon currently has lim-
ited access and few industrial activities, but 
considerable potential for resource extraction 
with a large population centre relatively close 
by that may result in more disturbance and ac-
cess into prime moose habitat. This area pro-
vided the opportunity to study group-specific 
(i.e., males, females with calves, and females 
without calves) range use and movements to 
guide resource management in light of in-
creased access and resource development in 
remote moose habitats.
We initially defined habitat selection 
patterns of moose (McCulley et al. 2017a) in 
the South Canol area of south-central Yukon 
to help clarify the process by which animals 
choose habitat attributes in relation to their 
availability and in combination with other 
attributes. In particular, resource-selection 
patterns help to interpret the relative impor-
tance of different resources, and in combi-
nation with behavioral information, explain 
habitat use. Habitat use by individual moose 
likely varies in response to numerous factors 
including differential habitat availability 
within a heterogeneous landscape, different 
preferences or requirements of males and fe-
males, and predator distribution. 
For sexually dimorphic ungulates such 
as moose, potential explanations for sexual 
segregation and differential use of the land-
scape correspond to 3 general categories of 
survival strategies: reproductive hypotheses, 
sexual dimorphism itself, and social factors 
(Main et al. 1996). Reproductive hypotheses 
stem from the different roles of the sexes and 
associated nutritional requirements. From 
a predation-risk standpoint, males should 
maximize body condition before rut, even 
if predation risk increases, whereas females 
should maximize security of calves provided 
that minimum resource requirements are met 
(Main and Coblentz 1990). Sexual dimor-
phism, characterized by allometric and phys-
iological differences, also results in differing 
nutritional requirements and vulnerability to 
predation related to gastrocentric, activity
-budget, and weather-sensitivity hypotheses. 
Males should use areas that maximize forage 
intake because of larger rumen size and the 
ability to digest lower-quality forage, in con-
trast to females (with smaller rumen size) 
that should target areas with higher-quality 
forage, particularly during late gestation and 
lactation (Barboza and Bowyer 2000). Fe-
males, because of their smaller gut capacity, 
should spend more time foraging than males 
that spend more time at rest and ruminating 
(Ruckstuhl 1998). In winter, males are likely 
to be more sensitive to weather because of 
their higher absolute heat losses relative to 
intake rates (Conradt et al. 2000). Finally, 
social factors may account for variable ag-
gregation and segregation among cohorts 
throughout the year. The difficulty in ex-
plaining differential use of the landscape be-
tween the sexes is often confounded because 
these survival strategies may not be mutu-
ally exclusive.
Moose are found throughout Yukon, 
where 2 subspecies (A. a. agigas, A. a. ander-
soni) are believed to overlap (Bubenik 2007). 
Despite considerable study of range use by 
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Our goal was to measure and describe 
habitat use of moose to assess habitat value 
using range designations and biophysical 
characteristics. We used global positioning 
systems (GPS) and geographic information 
systems (GIS) to examine the effect of sea-
sonal variation and sex (including the effect 
of calf presence on females) on home-range 
size, movement rates, and elevation use by 
adult moose. In addition, we analyzed land-
cover composition of ranges at seasonal, 
annual, and landscape scales to see how use 
changed over time and space. We predicted 
that seasonal ranges would be largest in sum-
mer when movement was least restricted by 
snow depth. We expected that seasonal ranges 
and movement rates of female moose with 
calves would be smallest during the calving 
season when newborn calves have limited 
mobility and are at greatest risk of predation. 
Females without calves and male moose were 
expected to have the smallest ranges and 
movement rates during late winter when snow 
is presumably deepest and body condition 
poorest. Additionally, because of their larger 
size and higher absolute energetic needs, the 
annual ranges and movement rates of males 
were expected to be greater than those of fe-
males. We also expected female moose to use 
more cover in all seasons to reduce exposure 
of calves to predation risk. The ranges of male 
and female moose were not expected to over-
lap outside of the breeding season.
STUDY AREA
The South Canol study area in south-cen-
tral Yukon was 130 km east of Whitehorse 
and 100 km north of Teslin between 60.4743 
and 61.9082° N latitude, and 128.9699 and 
135.2570° W longitude. Covering almost 
35,000 km2, it extended north from John-
son’s Crossing, east of Lake Laberge, west 
of Frances Lake, and south of the community 
of Ross River (Fig. 1). It fell primarily within 
the traditional territory of the Teslin Tlingit 
First Nation and also included portions of the 
Ta’an Kwäch’an, Kwanlin Dun, and Kaska 
traditional territories. The South Canol area 
Fig. 1. South Canol moose study area located in south-central Yukon, Canada. 
ALCES VOL. 53, 2017 MCCULLEY ET AL. – RANGES AND MOVEMENTS OF MOOSE IN YUKON
141
and extended 76 km from the South Canol 
Road to Red (Slate) Mountain within the 
study area. The exploration road was ac-
cessible by ATV and 4x4 vehicle in sum-
mer and by snowmobile in winter. Several 
small placer mining operations, some with 
airstrips and limited roads, were located in 
the remote northwest portion of the study 
area.
METHODS
Animal captures and telemetry data
Twenty-seven moose (9 males, 18  females) 
were captured between 26  February–27 March 
2008 and fitted with GPS collars (15 collars: 
Lotek GPS4400M ARG, New Market, Ontario, 
Canada; 12 collars: Habit Research Inc. (HRI), 
Victoria, British Columbia, Canada). Captures 
were conducted by Yukon Department of En-
vironment personnel with assistance from the 
Teslin Tlingit Council. The GPS collars were 
programmed to acquire locations 6–8 times per 
day (Lotek every 4 or 5 h; HRI every 3 h) and 
periodically uploaded data to the ARGOS sat-
ellite (Lotek every 2 weeks; HRI every 24 h); 
data were downloaded from ARGOS once per 
month. We used Spatial Viewer (M. Gilling-
ham, unpublished Visual Basic program) to 
examine movement patterns of individual an-
imals and to identify and eliminate infrequent 
errant location points that were likely the result 
of GPS errors. These were mostly consecutive 
fixes in which the animal moved an impossibly 
long distance, given the time between 4- or 5-h 
fixes, and immediately returned to the initial 
location. Aerial flights to assess calf survival 
(and calf status of females) occurred 3 times 
during each of 2 “biological years” (mid-Jun, 
Oct–Nov, Mar) beginning in 2008 and ending 
in March 2010.
Annual and seasonal ranges, movement 
rates and elevation use
We defined 5 seasons for moose based 
on life history and biological criteria: Calving 
was in the Boreal Cordillera Ecozone and 
included the Pelly Mountains Ecoregion 
with small portions of the Southern Lakes 
Ecoregion. The Pelly Mountain Ecoregion is 
a rolling plateau topped by numerous moun-
tain peaks and bisected by small rivers. The 
Southern Lakes Ecoregion is characterized 
by bisected plateaus, rolling hills, and broad 
valleys occupied by lakes and rivers (Yukon 
Ecoregions Working Group 2004). The entire 
area was within the sporadic discontinuous 
permafrost zone. Shrub and dwarf shrub tun-
dra vegetation occurred above 1,350 m above 
sea level (a.s.l.); coniferous and mixed forests 
occurred below 1,350 m a.s.l.
A 2007 survey reported the average 
population density within a 6,735-km2 
core portion of the study area was 241 
moose/1,000 km2, which was higher than 
the Yukon average of 158 moose/1,000 
km2. There were approximately 22 
calves, 18 yearlings, and 76 males for 
every 100 adult females (Florkiewicz et 
al. 2008). Grizzly bears (Ursus arctos), 
black bears (Ursus americanus), and 
wolves were the principal predators in 
this ecosystem, with densities estimated 
as 8–12 wolves/1,000 km2 (R. Ward, 
Yukon Department of Environment, pers. 
comm.) and 15.2 grizzly bears/1000 km2 
(R. Florkiewicz, Yukon Department of En-
vironment, pers. comm.) during our study. 
Black bear densities were unknown but as-
sumed to have less impact on adult male 
and female moose, as they tend to prey on 
calves (Ballard 1992). The South Canol 
Road extends from Johnson’s Crossing to 
Ross River and provided access through 
the eastern portion of the study area. The 
Pelly Mountains Ecoregion is considered 
rich in mineral deposits (Yukon Ecore-
gions Working Group 2004); however, 
only one hard-rock mineral claim was 
active (Tintina Mines Ltd.) during the 
study. An exploration road was upgraded 
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(15 May–30 Jun), Summer (1 Jul–14 Aug), 
Rut (15 Aug–31 Oct), Early Winter (1 Nov–
28 Feb), and Late Winter (1 Mar–14 May). 
These dates corresponded with the timing 
of seasons in other moose studies in Yukon, 
Alaska, and British Columbia (Larsen et al. 
1989, Miquelle et al. 1992, Gillingham and 
Parker 2008). As in British Columbia, partu-
rient females become solitary and the onset 
of plant greening occurs during the Calving 
season; Summer extends from plant green-up 
through peak vegetation biomass to the start 
of plant senescence; senescence of vegetation 
occurs during the Rut season when moose 
form mixed sex groups and females come 
into estrus; sex-specific groups form in Win-
ter following rut; and movement rates decline 
to lowest levels in Late Winter (Gillingham 
and Parker 2008). In our analyses, we con-
sidered 4 groups of individual moose based 
on sex and reproductive status: we compared 
males to females and females without calves 
to females with calves. We set 100 locations 
as a minimum for individual moose to be in-
cluded in calculations of range size, move-
ment rate, and elevation use in each season. 
Although arbitrary, given fix schedules and 
success, conservatively this represented a 
minimum of approximately 50% of possible 
fixes for the shortest seasons.
We estimated annual and seasonal range 
size (km2) for each animal from GPS loca-
tions using both the 100% minimum convex 
polygon (MCP) method and a 95% fixed ker-
nel density estimate (with quartic approxima-
tion of a true Gaussian kernel function) with 
Hawth’s Analysis Tools in ArcMap (ESRI 
2006). We recognize that MCPs, which link 
use points on the outside edges of a con-
vex polygon encompassing all points, tend 
to overestimate range sizes for animals that 
have infrequent movements away from a cen-
tralized area. Kernels, as (a) smaller nested 
area(s) within the MCP, work well for species 
that have more than one area of concentrated 
use, but may exclude areas where movements 
take place between concentrated use areas 
and include substantial ‘buffer’ areas around 
high density locations. Even with the limita-
tions of these techniques, both are adequate 
for testing comparisons of areal use and to 
explore changes in space-use patterns over 
time and space (e.g., Signer et al. 2015). We 
report both MCP and 95% kernel ranges be-
cause they are the simplest and most widely 
applied approaches (Signer et al. 2015), 
which facilitate comparisons with studies in 
other regions. Only complete years (2008: 
15 May 2008–14 May 2009; 2009: 15 May 
2009–14 May 2010) were used to calculate 
annual home-range sizes. If an individual had 
2 complete years available, we calculated the 
average size of both years. Average seasonal 
MCP and kernel home-range sizes were de-
termined for each of the 4 groups (males, all 
females, females with calves, and females 
without calves).
To delineate a landscape MCP, we first 
identified available points for each use lo-
cation by selecting 5 random points from 
within a buffer surrounding each location 
point. The radius of the buffer was deter-
mined from the 95th percentile movement 
distance of each individual in each season 
(Arthur et al. 1996). This buffer represents 
the maximum distance that an animal would 
likely travel, excluding rare excursions, be-
tween consecutive GPS locations, and was 
used to not underrepresent availability if an 
animal chose not to move very far between 
GPS fixes. We then calculated a movement 
buffer around the used and available points 
of all moose based on the average movement 
rate of each group. The buffer edge was used 
to define the landscape MCP, which rep-
resented the area that was available to all 
moose in this study (i.e., first-order selection 
based on landscape features; Johnson 1980). 
We examined movement by calculat-
ing distance moved between consecutive 
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Topographic Data Base (NTDB) hydrology 
information. EOSD (circa 2002) is inter-
preted from Landsat-7 imagery with 25-m 
resolution and is used to classify land-sur-
face elements (e.g., vegetation, water, rock) 
(Wulder et al. 2003). There were no signifi-
cant disturbances or anthropogenic landscape 
modifications between time of Landsat data 
collection and time of moose locations (R. 
Florkiewicz, Yukon Department of Environ-
ment, pers. comm.). Using remote-sensing 
software (Geomatica 10.3, PCI Geomatics 
2009), we grouped 26 EOSD cover classes 
(descriptions given in McCulley 2015) 
with the above-mentioned data sources to 
produce 8 land-cover classes relevant to 
moose ecology (Table 1): Conifer, Mixed 
Wood, Lowland Shrub, Upland Shrub, Al-
pine, Lowland Open, Water, and Riparian. 
The EOSD classes were combined based 
on similarities in vegetation and elevation. 
Grouping classes also had the added effect 
of improved accuracy of EOSD data, which 
approached 75–80% (Marcus Waterreus, 
Yukon Department of Environment, pers. 
comm.). Photographic characterization (and 
some ground verification) of these classes 
was provided in McCulley (2015). We as-
sumed that classes with a predominance of 
shrub species and deciduous trees (Lowland 
and Upland Shrub) had high forage values, 
and that the Conifer class provided the most 
cover for shelter. We clipped the raster land-
cover classification to each animal’s annual 
and seasonal MCP range, as well as the 
landscape MCP (Hawth’s Analysis Tools, 
ESRI 2006). We calculated the percent (%) 
cover of the 8 land-cover classes within each 
of these ranges (McCulley 2015), and used 
contingency tables created for each individ-
ual to investigate differences between land-
scape and annual ranges (Dunnett and Gent 
1977). We used repeated measures 2-way 
ANOVA to investigate whether the use of 
land-cover classes differed between sexes 
fixes and dividing this by the fix interval 
to produce a movement rate (m/h). For 
each location, we extracted elevation from 
a digital elevation model (DEM from En-
vironment Yukon, available at http://www.
env.gov.yk.ca/publications-maps/geomat-
ics/data/30m_dem.php; ArcMap 9.3, ESRI 
2006). We calculated average seasonal and 
monthly movement rates and elevations used 
for each individual moose and each group. 
Monthly values were used to more precisely 
define when animals changed movements 
or elevations. For females with the same 
calf status in both years, all GPS locations 
were used to determine the average for each 
season/month (i.e., not the average of av-
erages); otherwise, separate estimates were 
determined for each year where appropriate.
We used repeated measures 2-way anal-
ysis of variance (ANOVA) to investigate the 
influence of sex and season (or month) on 
annual and seasonal range size, movement 
rates, and elevation use. We assessed sig-
nificant seasonal effects with post-hoc Bon-
ferroni-corrected confidence intervals on 
marginal means (Margins in Stata version 
12, StataCorp 2011). To explore the effect 
of calf presence on range size, movement 
rates, and elevation use of female moose, 
we calculated 1-way ANOVAs for each sea-
son (calf versus no calf). We also calculated 
1-way ANOVAs to assess the effect of sex on 
average annual MCP and kernel range sizes. 
Because of issues with skew and kurtosis, 
MCP and kernel data were transformed with 
inverse and inverse square root transforma-
tions, respectively, to meet assumptions of 
normality (Shapiro-Wilk’s test in Stata ver-
sion 12, StataCorp 2011).
Land-cover composition
We developed a land-cover classifica-
tion using Earth Observation for Sustainable 
Development of Forests (EOSD) land-
cover information, a DEM, and National 
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and among seasons. Post-hoc analyses for 
significant effects were assessed using Bon-
ferroni-corrected confidence intervals on 
marginal means (Margins in Stata version 
12, StataCorp 2011). We used 1-way ANO-
VAs to determine if the use of land-cover 
classes differed between females with and 
without calves during the Calving season. 
It was necessary to transform data in most 
land-cover classes (i.e., square root: Alpine, 
Upland Shrub, Mixed Wood, Water; log: 
Low Shrub; Box-Cox: Riparian, Low Open). 
All statistical analyses were performed using 
Stata (version 12, StataCorp 2011), with sig-
nificance set at α = 0.05.
RESULTS
We retrieved 78,687 valid location 
points from 24 moose (8 males, 16 females) 
between 1 March 2008 and 14 May 2010. 
Fifteen collars provided 2 complete years 
of location data and 9 others transmitted 
data for at least 1 full season. Three collars 
Table 1. Description of 8 land-cover classes across the South Canol study area of south-central Yukon, 
Canada.
Land-cover 
Class
% of Study 
Area
Description
Conifer 45 Spruce, pine or subalpine fir covering 75% or more of total basal area.
Mixed Wood 6 A mix of conifers or deciduous trees with neither exceeding 75% of total 
basal area.
Lowland Shrub 11 Areas below 1,300 m a.s.l. with ≥20% vegetative cover of which at least 33% is 
shrub species. Also includes deciduous trees exceeding 75% of total basal area.
Upland Shrub 12 Areas above 1,300 m a.s.l. with ≥20% vegetative cover of which at least 33% is 
shrub species. Also includes deciduous trees exceeding 75% of total basal area.
Alpine 14 Areas above 1,300 m a.s.l with ≥20% vegetative cover. Includes snow, 
ice, exposed land, and areas with no data above 1,300 m a.s.l. Excludes 
Upland Shrub.
Lowland Open 3 Areas below 1,300 m a.s.l with ≥20% vegetative cover, or exposed land with 
< 5% vegetation. Excludes Lowland Shrub.
Water 2 Lakes, ponds, reservoirs, rivers, streams, or creeks.
Riparian 7 Areas within 25 m of small (1-line1) water courses; areas within 100 m of larger 
water courses (2-line) and water bodies. Includes wetlands.
11-line streams are smaller streams indicated on 1:50,000 maps with a single line, whereas 2-line streams are 
indicated using 2 lines to delineate the shores of large rivers.
transmitted for less than 1 season and these 
animals were removed from the analyses. 
The mean fix rate success was 88 ± 4% 
(x− ± SE) for males and 66 ± 7% for females. 
South Canol landscape and annual 
ranges of moose
The study area was 34,953 km2 as de-
fined by the landscape MCP analysis. Typ-
ical of boreal forest systems, nearly half of 
the study area was dominated by conifers 
(Picea glauca, P. mariana, Abies lasiocarpa) 
(Table 1). Shrubs covered slightly less than 
25% of the landscape and were distributed 
equally between high and low elevations. 
Alpine areas comprised 14% of the area. Ri-
parian areas, defined by their proximity to 
water (i.e., within 100 m of large rivers and 
lakes, or within 25 m of smaller streams) 
were widely dispersed and covered <10% of 
the landscape. Mixed Wood areas and Water 
encompassed 6% and 2% of the study area, 
respectively.
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on the landscape (all χ2 > 424, all P < 0.001); 
thus, home ranges were not located randomly 
on the landscape (Table 3).
Seasonal ranges and movements
When comparing males and females, we 
found no significant differences in seasonal 
range size (MCP: F
1,80
 = 0.12, P = 0.73; ker-
nel: F
1,80
 = 2.37, P = 0.13), movement rate 
(seasonal: F
1,80
 = 0.05, P = 0.83; monthly: 
F
1,209
 = 0.07, P = 0.79), or elevations used 
(seasonal: F
1,76
 = 2.17, P = 0.15; monthly: 
F
1,165
 = 1.64, P = 0.20) (Table 2). High in-
dividual variability existed, particularly in 
male seasonal ranges that were ~33% more 
variable than female ranges (CV for MCP 
ranges = 142% for males and 105% for fe-
males; CV for kernel ranges = 46% for males 
and 35% for females). 
Depending on season (and month), dif-
ferences were found in kernel range sizes 
(F
4,80
 = 14.64, P < 0.01), movement rates 
(season: F
4,80
 = 42.35, P < 0.01; month: F
11,209
 
The mean annual 100% MCP home 
range of male moose was almost 2.5 x larger 
(x− ± SE = 1,243 ± 617 km2, range = 199–4,968 
km2, coefficient of variation (CV) = 140%, n = 
8) than that of female moose (x− = 502 ± 150 
km2, range = 142–2,025 km2, CV = 104%, n = 
12); apparent outliers existed for both sexes 
(Table 2). The 2 largest male ranges were 
4,968 km2 and 2,850 km2, 5–9 x that of the 
next largest estimate; the largest female range 
was 2,025 km2, ~2.7 x the next largest esti-
mate. The mean annual 95% kernel ranges of 
males and females were more similar in size 
(males: x− = 115 ± 23 km2, range = 56–246 
km2, CV = 58%, n = 8; females: x− = 81 ± 
10 km2, range = 37–164 km2, CV = 42%, n = 
12) (Table 2). Animals with the largest annual 
MCP ranges also had the largest annual ker-
nel ranges. Male and female range sizes were 
not statistically different (MCP: F
1,18
 = 1.05, 
P = 0.32; kernel: F
1,18
 =1.95, P = 0.18). Pro-
portions of land-cover classes within individ-
ual annual ranges differed from availability 
Table 2. Mean (x− ± SE) seasonal and annual 100% minimum convex polygon (MCP) and 95% kernel 
range sizes (km2) of radio-collared male and female moose, as well as by reproductive status (females 
with and without calves), in the South Canol study area of south-central Yukon, Canada. Mean values 
were rounded to the nearest km2. 
Season Range Estimator Males n = 8 Females (All1) Females (No calf 2) Females (Calf 3)
Late Winter MCP 84 ± 47 85 ± 32 85 ± 32 74 ± 48
Kernel 18 ± 3 16 ± 2 16 ± 2 10 ± 5
Calving MCP 195 ± 53 115 ± 40 140 ± 84 117 ± 29
Kernel 40 ± 5 21 ± 3 23 ± 6 21 ± 3
Summer MCP 290 ± 196 72 ± 15 48 ± 17 51 ± 11
Kernel 38 ± 8 25 ± 3 24 ± 6 30 ± 5
Rut MCP 385 ± 222 133 ± 31 160 ± 75 170 ± 43
Kernel 62 ± 9 34 ± 3 37 ± 7 38 ± 4
Early Winter MCP 147 ± 64 172 ± 34 161 ± 37 197 ± 29
Kernel 36 ± 6 37 ± 3 36 ± 3 44 ± 7
ANNUAL MCP 1243 ± 617 502 ± 150
Kernel 115 ± 23 81 ± 10
1Late Winter and Early Winter: n = 17; Calving: n = 22; Summer and Rut: n = 14.
2Late Winter: n = 14; Calving and Early Winter: n = 12; Summer and Rut: n = 9.
3Late Winter: n = 3; Calving: n = 10; Summer, Rut and Early Winter: n = 5.
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= 23.75, P < 0.01), and elevations used (sea-
son: F
4,76
 = 17.88, P < 0.01; month: F
11,165
 = 
12.90, P < 0.01); MCP range sizes did not 
differ (F
4,80
 = 1.22, P = 0.31). Kernel ranges 
were smallest in Late Winter (Table 2). 
Movement rates differed among seasons ex-
cept between Summer and Rut (as per non- 
overlapping Bonferroni-corrected post-hoc 
confidence intervals for all moose). Males 
had highest rates (136 ± 9 m/h [x− ± SE]) dur-
ing Rut and females (x− = 115 ± 8 m/h) during 
Summer (Fig. 2A); both sexes had lowest 
movement rates in Late Winter (Fig. 2A, B). 
The elevations used by moose declined from 
November until late winter (Fig. 2D). Calf 
presence was not related to seasonal range 
size (MCP: all P ≥ 0.20, kernel: all P ≥ 0.28), 
movement rates (all P ≥ 0.28, Fig. 3A, B), 
or elevation use (all P ≥ 0.21, Fig. 3C, D) of 
females across seasons, although the small 
sample (n = 5) of females with calves tended 
to move at lower rates during the winter 
months (Fig. 3B).
The proportional use of land-cover 
classes was not affected by sex, with the 
slight exceptions in Alpine and Lowland 
Shrub classes (Table 3). Annual ranges of 
males had a higher proportion of Alpine than 
those of females. Season had a significant 
influence on use of all land-cover classes ex-
cept in Riparian and Low Open areas. In an-
nual and all seasonal ranges, except in Early 
Winter, moose used Conifer stands more 
than any other land-cover class (Fig. 4). The 
importance of Upland Shrub (e.g., Early 
Winter) and Lowland Shrub (e.g., Late Win-
ter) varied with season. There were no differ-
ences in use of land-cover classes by females 
with and without calves during Calving (all 
P ≥ 0.22, Fig. 5).
Table 3. Effects of sex and season on use of 8 land-cover classes by radio-collared moose (n) in the South 
Canol study area of south-central Yukon, Canada as determined by 2-way repeated measures ANOVA. 
Significant values are indicated in bold.
Land-cover Class n F df P
Conifer Sex: 23 0.12 1, 107 0.733
Season: 23 9.18 5, 107 <0.001
Lowland Shrub2 Sex: 23 0.61 1, 107 0.048
Season: 23 5.25 5, 107 <0.001
Upland Shrub1 Sex: 12 0.18 1, 54 0.669
Season: 12 7.65 5, 54 <0.001
Alpine2 Sex: 11 4.10 1, 49 0.048
Season: 11 11.51 5, 49 <0.001
Riparian3 Sex: 23 0.01 1, 107 0.922
Season: 23 1.82 5, 107 0.114
Mixed Wood2 Sex: 23 0.33 1, 107 0.569
Season: 23 2.39 5, 107 0.043
Lowland Open3 Sex: 20 0.47 1, 94 0.496
Season: 20 0.61 5, 94 0.689
Water2 Sex: 13 0.10 1, 60 0.756
Season: 13 4.19 5, 60 0.003
1Log transformation.
2Square root transformation.
3Box-Cox transformation.
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address the geographical space of missing 
locations (Frair et al. 2010). Nonetheless, 
few studies have used radio-collared moose 
to compare habitat use between sexes and by 
reproductive class (e.g., Oehlers et al. 2011, 
Bjørneraas et al. 2012, Joly et al. 2015), and 
despite modest sample sizes, we provide 
initial insights into seasonal habitat use by 
moose in south-central Yukon.
Ranges used by moose
Range sizes, particularly in large sexually 
dimorphic ungulates, vary with body size, 
landscape heterogeneity, and predictability of 
resources (Cederlund and Sand 1994, Mys-
terud et al. 2001, Van Beest et al. 2011). An-
nual kernel range sizes of moose in this study 
were similar to those in southeast Alaska 
DISCUSSION
Moose exhibit high variability in habitat 
use (Osko et al. 2004, Mansson et al. 2007, 
Poole et al. 2007, Leblond et al. 2010). 
Striking seasonal changes that occur in bo-
real systems, as well as cyclical demands 
of reproduction, strongly influence individ-
ual survival. With respect to this variability, 
we examined seasonal range use of moose 
grouped by sex and reproductive status. 
Some findings were potentially confounded 
by small sample size due to low GPS fix rate 
success, especially for females (66%), which 
could cause location bias and increase type 
II error. Corrections for land-cover or terrain 
characteristics (Frair et al. 2004) or habitat 
transition probabilities (Nielson et al. 2009) 
were not feasible, nor can such corrections 
Fig. 2. Average (x− ± SE) movement rates (m/h) and use of elevation by season (A, C) and month (B, D) 
for male and female radio-collared moose in the South Canol study area of south-central Yukon, Canada. 
Numbers shown are sample sizes of female moose. LW = Late Winter, CA = Calving, SU = Summer, 
RU = Rut, EW = Early Winter.
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(males and females, Oehlers et al. 2011) and 
adjacent British Columbia (females, Gilling-
ham and Parker 2008). We also found signifi-
cant differences in size of seasonal ranges. 
The large and variable range sizes used by 
moose during Rut presumably reflected wide-
spread movement and use of a larger portion 
of the landscape for reproductive purposes. 
Kernel ranges were smallest in Late Winter 
when snow depth presumably was greatest 
and body condition poorest. There was no 
statistical difference between the size of male 
and female ranges, and calf presence did not 
affect range size of females. It is possible that 
sexual differences occurred at a scale finer 
than 25-m resolution in terms of resource use 
and availability. Nonetheless, examining ap-
parent trends in seasonal use patterns among 
males and females (with and without calves) 
can be informative. Male moose, perhaps able 
to travel more freely than females during the 
growing seasons, tended to have larger home 
ranges than females during Calving, Summer, 
and Rut. Larger males, unhindered by the 
presence of a calf, can be less selective about 
forage quality (Ruckstuhl 1998, Barboza and 
Bowyer 2000). Females are smaller and con-
sequently less energy-constrained than males 
during winter, but face highest energetic de-
mands during Calving and Summer (White 
and Berger 2001). Females with calves tended 
to have smaller ranges than females without 
calves during Calving. 
We used both minimum convex poly-
gons (MCP) and kernel density estimates 
to calculate range sizes. MCPs, as the area 
where all use locations were recorded, are 
more easily compared with other studies. 
Fig. 3. Average (x− ± SE) A) seasonal and B) monthly movement rates (m/h), and C) seasonal 
and D) monthly elevation use by female radio-collared moose with and without calves in the 
South Canol study area of south-central Yukon, Canada. LW = Late Winter, CA = Calving, 
SU =  Summer, RU = Rut, EW = Early Winter. Numbers shown are sample sizes.
ALCES VOL. 53, 2017 MCCULLEY ET AL. – RANGES AND MOVEMENTS OF MOOSE IN YUKON
149
areas calculated with MCPs in our study. 
This proportion declined during Summer 
and Rut for ranges of males, but increased 
for ranges of females. The difference in the 
percent metrics of home range size between 
sexes may indicate that males travel over 
Fixed kernels, on the other hand, highlight 
areas that are used most consistently, but dif-
ferent contour values and smoothing factors 
can make comparison among studies diffi-
cult. Fixed kernel values for seasonal ranges 
were between 13% and 35% of the size of 
Fig. 4. Seasonal and annual use (% of locations, x− ± SE) of 8 land-cover classes by male and female 
radio-collared moose in the South Canol study area of south-central Yukon, Canada.
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larger areas during Summer and Rut, but 
favour smaller key areas within that range 
to meet specific requirements (e.g., mating, 
feeding). Female moose, in contrast, may 
target prime habitats initially, and therefore, 
may not need to be as selective afterward.
Movements of moose
Seasonal movement rates by moose ob-
served in our study reflected changing phys-
iological needs (e.g., rut, parturition) and 
environmental cycles (e.g., green-up, snow 
conditions). Because of differences in repro-
ductive demands and body size, movement 
rates may differ among sex and age groups 
(Testa et al. 2000). Coady (1974) reported 
that winter movement rates were most in-
fluenced by the relative ability of individual 
moose to move in deep snow. Similarly, the 
movement rates of both sexes of moose in 
the South Canol area were lowest in Late 
Winter, followed by an increase in move-
ment rates corresponding with rapid snow-
melt that typically occurs in May. Movement 
rates generally increased as the growing sea-
son progressed, peaking in July for females 
and September for males; rates then gradu-
ally declined as winter progressed. This pat-
tern of rapid movement onto summer ranges 
and gradual movement onto winter ranges 
has been observed by others (Coady 1974, 
Vander Wal and Rodgers 2009). A similar 
pattern of seasonal and monthly movement 
rates of female moose was observed in north-
ern British Columbia, with comparable cli-
matic conditions and population densities of 
moose (Gillingham and Parker 2008). Rela-
tive to differences in reproductive demands, 
Joly et al. (2015) documented substantive 
increases in weekly movement rates of Alas-
kan male moose in fall, corresponding to the 
onset of rut and hunting pressures. McGraw 
et al. (2014) used 20-min locations to moni-
tor long-distance pre-parturition movements 
of female moose in Minnesota.
High individual variation restricted our 
ability to detect significant differences in 
movement rates between male and female 
moose. We expected different movement 
rates based on different energetic demands 
and the reproductive roles faced by each 
sex. Although statistically insignificant with 
our small sample size, the greatest potential 
differences tended to be during Calving and 
Rut, particularly in June, September, and Oc-
tober when the reproductive roles of males 
and females are most distinct. During the 
Calving season prior to birth, females may 
reduce predation risk by making unusual 
movements (Bowyer et al. 1999, McGraw 
et al. 2014); post-parturition movements are 
limited by newborn calves with limited mo-
bility during their first month. During Rut, 
males are preoccupied with finding mates 
and/or defending one or more females from 
rivals. To successfully reproduce, males may 
travel long distances or make frequent move-
ments while interacting with mates or rivals 
 (Ballard et al. 1991, Leblond et al. 2010). 
Movement rates of females with and 
without calves were more similar than 
Fig. 5. Use (% of locations, x− ± SE) of 8 land-
cover classes by female radio-collared moose 
with and without calves during the calving 
season in the South Canol study area of south-
central Yukon, Canada. Numbers shown are 
sample sizes.
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either of 2 elevational strategies to reduce 
predation risk: climbers or non-climbers 
(Poole et al. 2007). We found no differential 
elevation use between males and females, nor 
among females with and without calves. We 
expected elevation use by both sexes to be 
most similar during Rut, and found the least 
amount of variation in October and Novem-
ber. Both sexes also used similar elevations 
during the Calving season, presumably in re-
sponse to initial vegetation green-up in June. 
As Summer progresses, so too does the ele-
vational gradient of green-up  (Hebblewhite 
et al. 2008), and likewise, moose in the South 
Canol area ascended in elevation during 
Summer and again in Rut. The high variation 
among individuals during Summer and after 
the post-rut period may reflect a variety of 
strategies employed by individuals to max-
imize energy intake while managing preda-
tion risk, or simply reflect a similar strategy 
employed under variable conditions experi-
enced by individual moose. Similar seasonal 
patterns were observed in northern British 
 Columbia  (Gillingham and Parker 2008).
Land-cover classes used by moose
Moose modify their foraging behavior 
in response to seasonal changes (Saether and 
Andersen 1990), and we found seasonal dif-
ferences in use of 6 of 8 land-cover classes in 
the South Canol area. In Late Winter, moose 
were less often in the higher elevation land-
cover classes (i.e., Alpine, Upland Shrub) 
than during Summer, Rut, or Early Winter, 
suggesting again, that snow depth is a limit-
ing factor for moose in south- central Yukon. 
Lowland Shrub was used more often in Late 
Winter than in other seasons, and in addition 
to lower snow depth, this habitat provides 
an important forage base presumably key to 
winter survival. Moose also used less Alpine 
and Upland Shrub during the Calving season 
than at other times of the year. As such, they 
remained in areas with higher availability of 
between the sexes. When calves become 
more mobile, females may move frequently 
as a way to reduce predation risk (Testa et 
al. 2000), as suggested by our data. Frequent 
movements may be necessary to access suf-
ficient high-quality forage required to sup-
port the energetic demands of feeding and 
defending a calf. The high variation among 
females without calves during the Calv-
ing season could have been confounded by 
misclassification during the aerial calf-sur-
vival surveys. For example, females that lost 
a calf prior to the surveys in mid-June, 3 
weeks after peak calving in Yukon (Miquelle 
et al. 1992), would have been classified as 
females without calves. Bowyer et al. (1999) 
found that 78% of calves in Denali National 
Park, Alaska were killed by predators in the 
first 20 days of life.
Elevations used by moose
Land cover, snow depth, and predation 
risk may change along altitudinal gradients 
(Kunkel and Pletcher 2000, Stumph and 
Wright 2007). In the South Canol area, moose 
were generally found within a 500-m eleva-
tional range from valley bottoms to subalpine 
areas where elevation may act as a proxy for 
interpreting response to snow depth. Moose 
in other areas descend in elevation in re-
sponse to increasing snow depth (Poole and 
Stuart-Smith 2006). Indeed, both sexes used 
lower elevations in Late Winter and Calving 
and highest elevations during Rut and Early 
Winter, peaking in November. Moose gradu-
ally descended until the end of Late Winter, 
coinciding with the gradual accumulation of 
snow over the course of winter.
Female moose use a variety of strategies 
to select birth sites, reflective of differences 
in behaviour relative to predator avoidance. 
Alaskan moose gave birth at higher eleva-
tions where predators were less abundant 
(Bowyer et al. 1999), whereas females in 
British Columbia appeared to associate with 
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forage in spring to recover from energetic 
losses of the previous winter. We expected fe-
males to minimize predation risk to newborn 
calves by using more cover during the Calv-
ing season, and females with calves tended 
to use both Upland and Lowland Shrub 
which provided optimal forage resources and 
likely reduced predation risk. During Sum-
mer, moose continued to use Conifer cover at 
levels similar to Calving, which in addition 
to reducing exposure of young calves to pre-
dation risk, may be important in moderating 
extremes of heat. Moose were more likely to 
encounter Alpine areas as they ascended in 
elevation during the growing season. 
Highest nutritional demands occur 
during lactation, rearing of young, and fat 
storage (Belovsky and Jordan 1978), and 
moose consume 3–4 x more food in sum-
mer than winter (Renecker and Hudson 
1985). Therefore, we assumed that moose 
would use shrub-dominated land-cover 
classes more often during the growing sea-
son. Surprisingly, they used shrub classes 
proportionally less than during Early or 
Late Winter. This observation highlights 
both the ability of moose to use a wide va-
riety of stand cover types and age classes 
to meet their nutritional requirements in 
Summer when food is plentiful, as well as 
the importance of accessible shrub-domi-
nated land-cover during winter when snow 
depth may limit mobility and access to for-
age. In Early Winter, moose maximized 
their use of Upland Shrub while reducing 
use of Conifer. These patterns and corre-
sponding use of higher elevations support 
our contention that moose generally ascend 
during Summer and Rut, and remain until 
snow depth eventually forces them lower in 
winter. Local knowledge, which adds an ad-
ditional long-term perspective to this study 
(McLeod and Clarke 2011), contends that 
moose typically remain in small groups in 
subalpine areas after Rut until snow depth 
forces them to lower elevations. It is un-
clear, however, why these subalpine areas 
are selectively used at that time of year.
Use of Riparian areas and Water by 
moose in the South Canol area remained 
fairly constant over the year. Widespread dis-
tribution of water bodies in the study area re-
duced the likelihood of water being a limiting 
factor. During the Calving season, however, 
the Water land-cover class was used more 
often than the annual average, suggesting that 
access to water may influence habitat use dur-
ing this season. Local knowledge (McLeod 
and Clarke 2011) further suggests that access 
to water is a primary component of birth-site 
selection. Females have higher water de-
mands during lactation, and movements with 
a newborn calf are restricted for the first few 
weeks post-birth (Testa et al. 2000). 
Thus, habitat use information combined 
with resource selection strategies for the same 
animals (McCulley et al. 2017a) suggest that 
forage is the driving force in moose ecology 
in the South Canol area. In almost all sea-
sons, moose demonstrated relatively high use 
and positive selection for shrub-dominated 
classes such as Upland or Lowland Shrub and 
Riparian. Opposing use and selection trends 
can indicate that resource decisions are made 
at different scales. For example, in contrast 
with the use data, selection models indicated 
that Conifer land cover was avoided (nega-
tive selection coefficient). The high use of 
Conifer presumably occurred because it was 
so widespread on the boreal landscape (45% 
of the study area, Table 1), and thus is im-
portant at a broad scale. At the smaller scale 
of seasonal home ranges, moose selected 
against conifer stands in favour of land-cover 
classes assumed to have better forage avail-
ability (e.g., Lowland Shrub). In contrast, 
if a resource is selected (as indicated by a 
positive selection coefficient) and use is low 
(as per telemetry locations), that resource is 
probably relatively rare at that scale. 
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In this study, we demonstrated seasonal 
differences in range sizes, movement rates, 
and use of elevation and land cover by moose 
in south-central Yukon. These differences pre-
sumably reflected the responses of individ-
uals to changing resource availability that is 
characteristic of northern boreal forests. The 
space-use patterns and movements presented 
here are driven by selection strategies related 
to accessing forage and cover, while minimiz-
ing predation and harvest risk, within environ-
mental constraints (McCulley et al. 2017a). 
Taken together, these 2 studies provide com-
plementary information for resource manag-
ers towards understanding the potential effects 
of anthropogenic land use or climate change 
on moose populations in south-central Yukon.
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